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Estratégias de ensino ativo como jogos educacionais e realização de provas em grupo, após 
prova individual, têm sido utilizadas a fim de aumentar o interesse e aprendizado de alunos de 
diferentes cursos de graduação na área da saúde. O objetivo da presente tese foi avaliar a 
percepção dos estudantes sobre a utilidade destas estratégias para o seu aprendizado, e o efeito 
das mesmas sobre o desempenho em avaliações acadêmicas. Esta tese está estruturada em 
modelo alternativo, composta por três artigos científicos. O objetivo do primeiro artigo foi 
avaliar o efeito de um jogo educacional no aprendizado sobre potencial de membrana e 
potencial de ação e na percepção de estudantes universitários sobre a estratégia utilizada. O 
estudo foi composto por dois experimentos, realizados com 127 alunos de primeiro ano de 
graduação em odontologia. O aprendizado dos alunos foi avaliado pela nota obtida em um 
teste, após atividade com jogo educacional ou após aula teórica e estudo individual. Foi 
observado melhor desempenho acadêmico dos estudantes que participaram do jogo em 
comparação com aula teórica nos dois experimentos, além de percepção discente positiva 
sobre a utilização desta estratégia. O objetivo do segundo artigo foi descrever um jogo de 
tabuleiro sobre fisiologia do sistema muscular e avaliar seu efeito no aprendizado de 
estudantes de cursos de graduação em farmácia e enfermagem. Participaram do estudo 43 
estudantes universitários, divididos em grupo jogo e grupo controle, que realizaram atividade 
com jogo e estudo dirigido em grupo, respectivamente. A nota obtida na atividade avaliativa 
foi significativamente maior após atividade com o jogo em comparação ao estudo dirigido. O 
objetivo do terceiro artigo foi descrever o uso de diferentes estratégias de resolução de prova 
em grupo, após a avaliação individual prévia, e avaliar a percepção discente sobre seu efeito 
no aprendizado. Participaram do estudo 640 estudantes universitários de diferentes 
instituições de ensino, que cursavam graduação em odontologia, enfermagem, fisioterapia e 
medicina. Para 92% dos estudantes, a realização de prova em grupo, após prova individual, 
auxiliou no aprendizado, por permitir o compartilhamento de conhecimento entre os 
integrantes do grupo, ajudar na identificação e esclarecimento de dúvidas, na fixação de 
conteúdo, além de ser um método mais dinâmico e descontraído. As estratégias utilizadas 
permitem feedback imediato que reforça o aprendizado do aluno e estabelece diretrizes na 
tomada de decisões e definição de prioridades, sendo útil para alunos e professores, 
permitindo o acompanhamento do processo de ensino-aprendizagem. Vale ressaltar que, nos 
três estudos, não foram utilizados apenas métodos ativos isolados para abordar os conteúdos, 
mas sim estratégias de ensino ativo combinadas com aulas tradicionais mais curtas, e todos 
obtiveram resultados positivos. Em suma, a utilização de jogos educacionais e provas em 
grupo como estratégias de ensino ativo de fisiologia promoveram percepção positiva de 
estudantes universitários de cursos da saúde com relação ao aprendizado. Além disso, o uso 
de jogos educacionais foi eficaz no aumento do aprendizado destes estudantes.  
 






Active teaching strategies such as educational games and group tests, after individual tests, 
have been used in order to increase the interest and learning of students from different 
undergraduate courses in the health area. The objective of the present thesis was to evaluate 
students' perceptions about the usefulness of these strategies for their learning, and their effect 
on performance in academic evaluations. This thesis is structured in an alternative model, 
composed of three scientific papers. The objective of the first article was to evaluate the effect 
of an educational game on learning about membrane potential and action potential and on the 
perception of university students about the strategy used. The study was composed of two 
experiments, performed with 127 first year undergraduate students in dentistry. The students' 
learning was evaluated by the grade obtained in a test, after activity with educational game or 
after theoretical class and individual study. It was observed a better academic performance of 
the students who participated in the game compared to theoretical classes in both experiments, 
in addition to positive student perceptions about the use of this strategy. The purpose of the 
second article was to describe a board game about physiology of the muscular system and to 
evaluate its effect on the learning of undergraduate students in pharmacy and nursing. A total 
of 43 university students, divided into a group and a control group, participated in the study. 
The performance in the evaluative activity was significantly higher after activity with the 
game compared to the directed study. The aim of the third article was to describe the use of 
different strategies for solving group tests, after the previous individual evaluation, and to 
evaluate the student's perception of their effect on learning. A total of 640 university students 
from different educational institutions participated in the study, attending undergraduate 
courses in dentistry, nursing, physiotherapy and medicine. For 92% of the students, the group 
test, after individual test, helped in the learning, for allowing the sharing of knowledge among 
the members of the group, help in the identification and clarification of doubts, in the fixation 
of content, besides be a more dynamic and relaxed method. The strategies used allow 
immediate feedback that reinforces student learning and establishes guidelines in decision 
making and prioritization, being useful for students and teachers, allowing the follow-up of 
the teaching-learning process. It is worth mentioning that in all three studies, not only active 
methods were used to address content, but active teaching strategies combined with shorter 
traditional classes, and all of them had positive results. In short, the use of educational games 
and group tests as strategies of active teaching of physiology promoted a positive perception 
of university students of health courses in relation to learning. In addition, the use of 
educational games was effective in increasing the academic performance of these students. 
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 As diretrizes curriculares nacionais brasileiras de cursos de graduação da saúde 
como enfermagem, fisioterapia, odontologia, farmácia e medicina orientam para a formação 
de profissionais de saúde com perfil generalista, humanista, crítico e reflexivo, para atuar em 
todos os níveis de atenção à saúde, nos âmbitos individual e coletivo (Brasil. Ministério da 
Educação. Conselho Nacional de Educação. 2001c, 2001b, 2001a; 2014). Porém, para tanto, é 
necessário repensar a educação destes profissionais, modificando o processo de ensino-
aprendizagem para permitir maior autonomia dos estudantes, e favorecer tal formação (Mitre 
et al. 2008). Estratégias de ensino ativo têm sido utilizadas para melhorar a qualidade do 
processo ensino-aprendizagem, aumentando a autonomia dos estudantes universitários, 
permitindo melhor desempenho e maior raciocínio crítico. O ensino ativo ocorre quando os 
alunos são envolvidos ativamente no desenvolvimento de tarefas e refletem sobre o que estão 
fazendo (Bonwell e Eison 1991), apresentando resultados positivos no aprendizado 
independentemente do tipo de estratégia utilizada (Prince 2004).   
 Para que os métodos ativos de ensino sejam eficazes no aprendizado, é necessário 
que os participantes, alunos e professores, acreditem em seu potencial pedagógico (Berbel 
2011), visto que mesmo com orientações e incentivo, a maior parte dos docentes desiste de 
utilizar métodos ativos de ensino frente às dificuldades em sala de aula (Silverthorn et al. 
2006). Além disso, durante a formação da maior parte dos professores universitários em 
cursos de pós-graduação stricto sensu, não há espaço para reflexão sistematizada de sua 
prática pedagógica, com ênfase apenas no conhecimento e preparação para a pesquisa 
(Fernandes 2001).  
 Durante a formação de professores universitários de cursos de graduação da área 
da saúde, é necessário espaço para reflexão sobre ensino superior e desenvolvimento 
profissional, permitindo concepção pedagógica estruturada para fundamentar e reconstruir a 
prática educativa (Ferreira e Ramos 2006; Freitas e Seiffert 2007). Vale ressaltar que não está 
em discussão a importância da pesquisa, mas sim a preocupação com a formação pedagógica 
do professor universitário, essencial para a construção da sua profissionalidade, de forma a 
instrumentalizar o professor para compreender e interpretar sua docência. A dificuldade para 
melhorar a qualidade da docência em cursos de graduação da área da saúde muitas vezes 




observada pelo predomínio de trabalhos com métodos de ensino em disciplinas isoladas e, na 
maioria das vezes, iniciados por interesse pessoal e não institucional (Sobral e Campos 2012). 
 Mesmo diante dos desafios da formação docente para o ensino superior, é possível 
observar preocupação com a formação de profissionais cada vez mais preparados para 
enfrentar os desafios do mercado de trabalho, e não apenas com conhecimento técnico, mas 
principalmente com habilidades para resolução de problemas, com pensamento crítico e 
reflexivo. Com intuito de permitir a formação destes profissionais, métodos ativos de ensino 
são utilizados em todo o mundo e estão relacionados ao aumento do raciocínio crítico e 
aprimoramento de trabalho em equipe (Gokhale 1995), aumento do desempenho nos exames 
acadêmicos (Cardozo et al. 2016; Montrezor 2016; Zhang e Henderson 2016), além de 
percepção positiva com relação ao aprendizado (Marcondes et al. 2015; Montrezor et al. 
2016). Além disso, estratégias ativas de ensino promovem desenvolvimento da 
responsabilidade do aluno por seu aprendizado, e também permite constantes feedbacks do 
professor sobre o que aprendeu e o que precisa rever. Este feedback é uma forma de avaliação 
formativa que se faz à medida que o processo ensino-aprendizagem se desenvolve, e não 
apenas no final do período letivo (Perrenoud 1998; Mitre et al. 2008) sendo amplamente 
utilizado com as estratégias ativas de ensino. Esta avaliação formativa também permite que o 
professor reavalie constantemente a sua prática de ensino e realize alterações de acordo com 
os progressos e dificuldades dos alunos (Fuchs e Fuchs 1986; Kealey 2010). 
  São muitas as possibilidades para incentivar os estudantes a participar ativamente 
de seu processo de aprendizagem. Dentre as inúmeras estratégias de ensino ativo, podemos 
citar os jogos educacionais, os quais aumentam o interesse e retenção de conhecimento, além 
de estimular a habilidade para resolução de problemas (Allery 2004; Paraskeva et al. 2010; 
Barclay et al. 2011; Bhaskar 2014; Bellan e Alves 2017). A aprendizagem entre pares ( peer 
instruction), é uma estratégia que pressupõe questionamentos mais estruturados e que 
envolvem todos os alunos na aula (Crouch e Mazur 2001; Fagen et al. 2002; Lasry et al. 
2008). Além destes, o portfólio, cuja construção é feita pelo aluno apresentando evidências de 
sua aprendizagem, permite o acompanhamento do progresso do aluno em conjunto com o 
professor (Montrezor et al. 2016). Também há evidências do uso de mapas conceituais no 
aumento do aprendizado e raciocínio crítico (West et al. 2013), além de resultados positivos 
com métodos mais complexos como team based learning (TBL) (Thompson et al. 2007; 
Koles et al. 2010; Parmelee et al. 2010) e problem based learning (PBL), que são estratégias 




estes problemas desenvolvendo pensamento crítico e habilidades (Berbel 2011). Além destas 
estratégias apresentadas, existem muitas outras que tornam o aluno ativo no processo, 
permitindo compartilhamento de conhecimento entre os colegas, e são utilizadas em cursos de 
graduação de diversas áreas.  
 Jogos educacionais e realização de provas em grupo, após prova individual, têm 
sido utilizados como estratégias de ensino em cursos na área da saúde a fim de aumentar o 
interesse dos alunos e promover maior aprendizado e percepção positiva com relação ao 
conteúdo estudado. Estas estratégias envolvem trabalho em grupo na forma de aprendizagem 
colaborativa, que ocorre quando há envolvimento mútuo dos participantes do grupo em um 
esforço coordenado em busca de um objetivo comum, permitindo o enriquecimento do 
ambiente de aprendizado (Roschelle e Teasley 1995). É preciso tornar o momento da aula 
mais ativo, porém é necessário utilizar estratégias que permitam o compartilhamento de 
conhecimento entre os estudantes, visto que, quando comparada com atividade ativa 
individual, a aprendizagem colaborativa mostrou-se mais eficaz para desenvolvimento de 
habilidades de pensamento crítico e resolução de problemas (Gokhale 1995; Zhang e Cui 
2018). 
  Diante da dificuldade enfrentada por algumas instituições para fornecer melhor 
formação pedagógica e incentivar a utilização de estratégias que permitam participação ativa 
dos alunos durante o processo ensino aprendizagem, é necessário investigar os efeitos da 
utilização destas estratégias na formação discente, a fim de incentivar a reflexão sobre o 
ensino superior e as possibilidades de aprimoramento deste processo. Com experiência de sete 
anos de docência no ensino superior, a autora da presente tese optou por verificar a influência 
de algumas das estratégias de ensino mais utilizadas por ela e sua orientadora no aprendizado 
de alunos de cursos de graduação na área da saúde. O objetivo do presente trabalho foi avaliar 
a percepção dos estudantes sobre a utilidade de jogos educacionais e realização de provas em 
grupo, após prova individual, como estratégias para o seu aprendizado, e o efeito das mesmas 
sobre o desempenho em avaliações acadêmicas. Esta tese está estruturada em formato 
alternativo de acordo com Parecer PG n° 1985/96 e informação CCPG/001/2015 da 









2.1 Effect of an educational game on university students’ learning about action 
potentials 
 Artigo publicado no periódico Advances in Physiology Education, 2017, volume 
41, número 2, páginas 222-230,  https://doi.org/10.1152/advan.00146.2016 (Anexo 2).  
 










Piracicaba Dental School, University of Campinas - UNICAMP, Piracicaba, São Paulo, 
Brazil  
2
Department of Biological Science and Health - Medicine, University of Araraquara - 





Fernanda Klein Marcondes 
Department of Physiological Sciences, FOP-UNICAMP 
Av. Limeira, 901, 13414-903, Piracicaba, SP, Brazil 








The aim of this study was to evaluate the effect of an educational game that is used for 
teaching the mechanisms of the action potentials in cell membranes. The game was composed 





-ATPase pump. During the game activity, the students arranged the pieces to 
demonstrate how the ions move through the membrane in a resting state and during an action 
potential, linking the ion movement with a graph of the action potential. To test the effect of 
the game activity on student understanding, first-year dental students were given the game to 
play at different times in a series of classes teaching resting membrane potential and action 
potentials. In all experiments, students who played the game performed better in assessments. 
According to 98% of the students, the game supported the learning process. The data confirm 
the students’ perception indicating that the educational game improved their understanding 
about action potentials.  
 
KEYWORDS 
Teaching; educational games; active teaching methods; physiology; action potential.  
 
 
Snapshot description (75 words) 
The performance of students in a test about the mechanisms of the action potentials 
in cell membranes was compared between two groups: one read a text or had a lecture and the 
other one had an activity with an educational game. Students who performed the game 
activity had higher scores and fewer errors, compared to those who had not played the game, 
supporting that educational games can improve students’ learning.   
 






Students’ lack of motivation and engagement is one of the major issues in 
education worldwide (2). Araújo et al. (4) observed a significant reduction in learning 
motivation levels between students of the second and eighth semesters of an undergraduate 
course in Psychology. Carmo and Carmo (12) also observed diminished student motivation 
during an undergraduate course in Accounting Sciences.  Students with higher scores for 
interest and enjoyment, evaluated by the intrinsic motivation inventory, showed higher course 
grades (5, 15). Therefore, a higher level of intrinsic motivation has positive impact on 
learning performance. 
In addition to the lack of motivation, uncertainty regarding knowledge of 
previously studied content was observed in undergraduate students (38), impairing their 
performance and problem-solving abilities (9). Inspired and motivated students seek 
knowledge in different ways and learn better (16).  
To improve student motivation, engagement and performance, the curriculum 
should change from a focus on the transmission of information by the teacher and 
memorization of content to active teaching-learning methodologies with active participation 
by the student, thus promoting effective learning. Active teaching-learning methods 
encourage the pursuit of information by the students themselves (41) and stimulate 
development of their autonomy, reasoning, and critical thinking (13, 35), by making the 
students the protagonists in their learning processes (22, 24). These methodologies favor the 
development of critical, thoughtful, professionals with better decision-making skills (28, 46). 
There are different possibilities for encouraging student participation in the 
learning process, and it is up to the teacher to select pedagogical strategies according to the 
subject matter and teaching conditions (47). Educational games are an example of active 
teaching-learning methodologies that promote student engagement and contribute to their 
learning (19). The educational game is not necessarily a competitive activity and can be a 
simulation based on a real topic (3). This type of game allows students to solve problems by 
discussing the possible solutions with their peers, in play in an entertaining way (40, 43). 
Different games have been used in health courses to teach topics in obstetrics (31), psychiatry 




Although it has been reported that educational games had a positive impact on the 
teaching-learning process (27, 32, 37) , Abdulmajed et al. (1) showed that the methodologies 
used were not totally reliable for measuring the level of learning. Flaws in the study design, 
game descriptions, sample sizes, variability of students and teachers, and in the assessment 
tool are examples of fails indicated by different authors (1, 2, 3). Therefore, it is important to 
improve the studies to investigate the effect of educational games on student learning. 
In Physiology courses, students often have difficulty understanding the concepts 
of membrane potential and action potential. These topics require the teacher to link necessary 
concepts from different previously studied subjects, hindering the success of the teaching-
learning process (7).  Different strategies have been developed to teach these themes  (10, 11, 
29, 39, 45). Many studies have described models using animals or physiology laboratory 
materials to explain membrane and action potential. For example, Thurman (1995) used frogs 
as a model, while Moran and collaborators created a model to illustrate the generation of 
membrane potentials using materials found in the physiology laboratory, such as a dialysis 
membrane chamber, agar bridges, calomel electrodes, and others (29). The need to use 
animals or laboratories for these models makes it impossible to reproduce them in a teaching 
environment. On the other hand, some studies have presented models that are cheaper and 
easier to add in many educational settings. Cardozo (2005) created a model using springs to 
explain the relationship between ionic conductance and potential across the membrane (11). 
In 2016, the same author and colleagues described an intuitive way to understand how 
membrane potential is established by the concentration gradient of K
+
 ions, using simple 
principles familiar to high school graduates as for example: ions move randomly, charged 
ions are attracted by the opposite and are repelled by the same electric charge (10).  
Rodrigues-Falces developed a model to explain the electrical behavior of the action potential 
in terms of elementary electrical sources, using graphical representations. All of these studies 
provided models to enable the students to reflect on the membrane and action potentials in 
different ways (39).  
The coordinator of the present study had difficulty in understanding these 
concepts when she was an undergraduate student. Seeing the same problem in her students, 
she developed an educational game to make the concepts of membrane potential and action 
potentials more comprehensible. The educational game presented in this work has the 
advantage of being a low cost teaching tool, easy to reproduce anywhere in the world, besides 




reflect on the lesson content, this educational game has the advantage of addressing the theme 
in an entertaining way, hence stimulating the students’ interest in the topic. The purpose of 
this article is to describe this educational game concerning action potentials and evaluate its 
effect on students’ learning. 
 
MATERIAL AND METHODS   
 
Educational game: 
The material used in the educational game consisted of one sheet of white A3 size 
card (42 x 29.7 cm), with a red strip in the center (Figure 1), and the following items: 1) 
rectangular pieces of card indicating media 1 and 2 (n = 1; 2 x 4 cm; Figure 1);  2) round 
pieces of card (2 cm in diameter; Figure 1) in yellow, green, and pink, representing the ions 
Na
+
 (n = 12); K
 +
 (n = 12 ); and Cl
-
 (n = 24), respectively; 3) rectangular pieces of card 
indicating intracellular medium and extracellular medium (n = 1; 2 x 4 cm; Figure 2); 
4) round pieces symbolizing negative proteins (n = 3; 4 cm in diameter); 5) rectangular pieces 
with figures of ion leak channels for K
 +
 (n = 1; 2 x 6 cm; Figure 2A); and of Na
+
 (n = 1; 2 x 




-ATPase pump (n = 1; 2 x 2.5 cm; Figure 2C); closed voltage-




 (n = 1; 2 x 4 cm; Figure 2D); voltage-gated channels of  Na
+
 (n 
= 1; 2 x 3.5 cm; Figure 3A) and K
+













Figure 1.  Pieces of the educational game used in level 1 of the activity on the concepts of diffusion 


















Figure 2.  Pieces of the educational game, representing ions and channels, used in levels 2 and 3 of the 
activity, related to the concepts of resting membrane potential and action potentials, respectively. A = 
ion leak channels of K
+
; B = ion leak channels of Na
+




-ATPase pump; D = closed voltage-















Figure 3. Pieces of the educational game, representing voltage-gated ions, used in level 3 of the 
activity, related to action potential concepts. A = voltage-gated channels of  Na
+
; B = voltage-gated 








During the game activity, two teachers and four graduate students acted as 
monitors. The students were divided into groups (n = 4-5) and received a guide and the pieces 
of the game. The activity was divided into three levels:  
 
Game level 1: Diffusion and equilibrium potentials 
The students received the white card and the pieces (Figure 1) indicating 
environments 1 and 2 and the ions K
+ 
(n = 6), Na
+
 (n = 6), and Cl
- 
(n = 12), in order to work 
on the concepts of diffusion and equilibrium potential. The students were asked to place the 
pieces in such a way as to show that in environments 1 and 2, there were solutions with the 
same concentrations of NaCl and KCl, respectively, separated by a permeable membrane. 
They were told to move the pieces to show what the equilibrium state would be, and were 
asked whether there would be movement of ions through the membrane in the equilibrium 
state. Next, the students were asked to move the pieces again, based on the same initial 
situation, while this time the membrane was only permeable to potassium. This sequence of 
procedures followed the explanation in the textbook previously provided for reading at home 
(42). The questions proposed for discussion were: a) What is the direction of the forces 
generated by the concentration and electrical gradients? b) What is the distribution of the ions 
when the two sides are in an equilibrium state? c) During this equilibrium state, will there be 
movement of ions through the membrane?  
 
Game level 2: Resting membrane potential 
In level 2, the concept of resting membrane potential was studied. The students 
were told to consider the two sides of the white card as extracellular and intracellular 
environments, separated by the cellular membrane. They received the pieces indicated in 




, and 1 K
+
) and the 






, and 3 proteins). They also received pieces to 
position in the membrane: the K
+
 (Figure 2A) and Na
+





ATPase pump (Figure 2C), and voltage-gated channels (in the closed state; Figure 2D). The 
students were asked to move the ions, showing how the resting membrane potential was 




-ATPase pump in maintaining the 
resting membrane potential. The aim of the initial distribution described above was to 
illustrate the higher concentrations of Na
+
 in the extracellular medium and of K
+
 in the 
intracellular medium, and the presence of negatively charged proteins in the intracellular 




and extracellular environments. Levels 1 and 2 of the activity were used to support the content 
presented in Class 1 and studied in the textbook as homework. 
 
Game level 3: The action potential 
In this level, the groups received the voltage–gated channels pieces (Figure 3) to 
be used with the pieces employed in level 2. By using the pieces indicated in Figures 2 and 3, 
the students were asked to demonstrate the movement of the ions through the cellular 
membrane during an action potential. They were asked to show how the ion transport occurs 
during depolarization, repolarization, and hyperpolarization, and to indicate these changes in 
the resting membrane potential graphically. The groups discussed the events occurring during 
depolarization, repolarization, and hyperpolarization, considering whether the membrane 
potential was lowered or increased, and whether the cell become more positive or negative. 
Next, using an illustration of an action potential, the students were asked to indicate its phases 





ATPase pump (active or not) during the action potential.  
The purpose of level 3 was to teach the students the concept of action potentials 
by means of an entertaining  group activity, based on the textbook reading they had done and 
on the concepts presented in the first lesson on resting membrane potential.  
During the activity, the monitors checked if the pieces had been positioned 
correctly, without themselves making any corrections. If there were errors, the students were 
encouraged to identify them and then correct the positioning of the pieces, guided by the 
monitors’ questions and group discussion. This activity lasted around 90 minutes. 
 
Procedures 
First year students of the undergraduate course in Dentistry at the Piracicaba 
Dental School of the University of Campinas (FOP - UNICAMP), who took the subject of 
Biosciences I in 2015 (Experiment 1; n = 67) and 2016 (Experiment 2; n = 81) were invited to 
participate in this study. When enrolling in the undergraduate program, the students were 
randomly divided into two groups by the academic system: A and B. Based on this division, 
at different times they attended practical lessons in laboratories that could accommodate up to 
40 people. For the present study, the two groups were randomly assigned to either the Control 




The aim of this study was to determine whether students who used the game 
performed better than students who did not use the game. In the first experiment, students in 
the Game group completed an assessment immediately after undertaking the game activity. 
To avoid the influence of the immediate effect of the game, in the second experiment, the 
assessment was performed two days after the group had completed the game. The sequences 















Figure 4. Sequence of procedures used in the experimental designs of Experiments 1 and 2. 
 
Experiment 1  
Class 1  
In Class 1, all the students attended a 75-minute theoretical class on resting 
membrane potential. To spark the students’ interest, the teacher asked them to form pairs to 
discuss the following questions: 1) How do local anesthetics act?  2) How are electrical 
stimuli transmitted in the body? After 10 minutes of discussion, the students were invited to 
present their answers, and the teacher informed them that these topics would be studied in the 
four following classes.  
Next, the teacher used PowerPoint slides to present the topics outlined in Table 1 




distribution of electrical charges through the membrane could be modified to promote cell 
depolarization, repolarization, and hyperpolarization. However, the participation of voltage-
gated channels was not explained. The objective was to show the students that the 
transmission of a nerve impulse occurs through depolarization of the cell and rapid 
repolarization, so that the cell can promptly respond to the new stimulus. At the end of this 
class, the students were instructed to study the topics of membrane potential and action 
potential in the textbook (42), in preparation for an assessment that would take place during 
the following class, 2 days later.  
 
 Class 2 
At the beginning of Class 2, the control group was informed that the assessment 
would be an exercise that would not count towards the subject grade, with the goal being to 
evaluate the students’ learning progress so that the teacher could assess whether any of the 
items had to be reviewed before proceeding to the next topics. After this assessment exercise 
about resting membrane potential and action potential, the students performed the activity 
with the educational game. The Game group took the same assessment immediately after 
performing the game activity. The game was used as a reinforcing activity for membrane 
resting potential and as an active teaching-learning method for action potential.  
 
Class 3 
In Class 3, both groups received a lecture about action potentials, with a 
discussion about the game activity from the previous class and the questions of the assessment 




In Class 4, there was a second lecture about action potentials, with the 
presentation and analysis of a video shown, obtained from the Portuguese Society of 
Neurosciences (https://www.youtube.com/watch?v=CoQBMyFe7LM), concerning the 
transmission of nerve stimuli in epilepsy. This video showed the behavior of the ion channels 




the action potential.  The students were instructed to watch this video in pairs and identify the 
ion channels in the plasma membrane and the phases of the action potential. Using 
PowerPoint slides, the teacher showed the relationship between the states of these channels 




In Class 5, the students took the academic exam with questions about resting 
membrane potential and action potentials. 
 
Experiment 2  
Class 1 
The same procedures described for Experiment 1 were followed and the same 
topics were addressed. 
 
Class 2 
The Control group attended a lecture on the action potential, addressing the topics 
indicated in Table 1 (Lecture 1 on action potential). The Game group performed the 
educational game activity without a lecture on action potentials. 
At the end of this class, all the students were instructed to study the action 
potentials topics in the textbook (42), in order  to prepare for an assessment that would take 
place during the following class, 3 days later.  
 
Class 3 
At the beginning of Class 3, both groups took an assessment exercise about action 
potentials. After this assessment, the Control group performed the game activity and the 
Game group attended the lecture on action potentials, addressing the same topics considered 
in Class 2 for Control group (Table 1, Lecture 1 on action potentials). 




The same procedures described for Experiment 1 were followed. 
Table 1. Topics discussed in the lecture sessions in Experiments 1 and 2. 
TOPICS DISCUSSED 
Lecture on resting membrane potential 
 Composition of the intracellular and extracellular environments; 
 Diffusion of substances through permeable and semi-permeable membranes; 
 Permeability of the plasma membrane and its relationship to ion leak 
channels; 
 Differences in electrical charge generated by a selectively permeable 
membrane; 
 Equilibrium potential of an ion and the Nernst equation; 
 Difference in electrical charges through the plasma membrane; 
 Sodium (Na+) and potassium (K+) leak channels present in the plasma 
membrane; 
 Goodman-Hodgkin-Katz (GHK) equation; 
 Function of the Na+-K+-ATPase pump. 
Lecture 1 on action potential 
 Dynamics of voltage-gated ion channels; 
 State of leak channels during phases of the action potential; 
 Difference between graded potentials and action potentials; 
 Graph of the action potential over time; 
 State of ion channels during different phases of the action potential. 
Lecture 2 on action potential 
 Relative and absolute refractory periods; 
 Influence of changes in the ion concentrations in the extracellular 
environment on triggering action potentials; 





Learning assessment  
The students’ learning progress was assessed in an exercise performed in Class 2 
(Experiment 1) or Class 3 (Experiment 2), as well as by the answers to the questions in the 
academic exam performed in Class 5. The learning assessment questions used in Experiments 
1 and 2 were not exactly the same, but they required the same knowledge about the themes 
studied. Thus, even if students contacted colleagues and knew the questions used in the 
previous year, the answers to the questions could not be the result of memorization. 
In Experiment 1, the assessment consisted of four questions. Question 1 was a 
multiple-choice on resting membrane potential. In Question 2, the students had to identify the 
regions of depolarization, repolarization, and hyperpolarization on a graph, indicating the 
resultant flux of charges through the membrane (entry or exit of positive or negative charges 
into and out of the cell) and determining whether there was an increase or decrease in the 





-ATPase pump in the membrane potential. In Question 4, the students were required to 
analyze an action potential graph and indicate the state (open or closed) of the leak channels 









pump (active or not). Questions 1-3 were used to analyze learning about resting membrane 
potential, and Question 4 was used to evaluate learning about action potentials.  
In Experiment 2, the assessment was composed of two multiple-choice questions 
about action potentials. In Question 1, the students had to analyze a graph of action potentials 
and identify the regions of depolarization, repolarization, and hyperpolarization, indicating the 
resultant flux of charges through the membrane (entry or exit of positive or negative charge 
into and out of the cell). In Question 2, the students were asked to indicate the state (open or 









-ATPase pump (active or not). In both experiments, the students were instructed to 
leave the questions they were unsure of unanswered. Thus, it was possible to identify the 
topics the students knew they did not understand (unanswered questions) and those that they 
had understood incorrectly (incorrect questions). For this study, the exercises were scored 
using a value from 0 to 10; however, the score obtained was not considered for the subject 
grade. The hypothesis was that the students who did the exercise after the game would 




In Class 5, all the students took the academic exams of the Biosciences I subject. 
Since this was an integrated subject, the exam included questions on anatomy, histology, 
biochemistry, and physiology, totaling 30 questions. The academic exam consisted of 28 
questions in Experiment 1 and 25 questions in Experiment 2, with 3 questions being on 
histology, 12 (Experiment 1) or 9 (Experiment 2) on biochemistry, and 13 on physiology in 
both experiments. The physiology questions were divided as follows: 1 about homeostasis, 8 
about blood and 4 about resting and action potentials. To evaluate the effect of the game, the 
four questions about resting and action potentials were considered in this study. These 
questions covered similar topics of the assessment exercise, but were not the same questions. 
In the academic exams, each question was worth 0.36 points (Experiment 1) or 0.40 points 
(Experiment 2). To compare the performance of the groups in this study, in Experiment 1, the 
grades obtained in these questions were normalized as if they were worth 10 points.  In 
Experiment 2, only the questions about action potential were considered and were normalized 
in the same way. 
The aim of the scores obtained in the academic exam questions was to evaluate 
whether the sequence of activities affected the medium-term learning ability of the students. 
By the time of the academic exam, both Control and Game groups had performed the 
educational game activity, so our hypothesis was that if the game was effective, irrespective 
of whether it was used before or after the lectures on action potential, there would be no 
significant difference between the performances of the two groups. In addition this evaluation 
aimed to determine if there was a difference between the groups. If no difference was 
observed in the academic exam, this would suggest that the difference observed in the 
assessment exercise was not due to differences between the groups, but was probably related 
to the procedures of the experiments. The same teacher, who was blinded to the groups, 
marked all the answers in the assessment exercises and academic exams. 
 
Students’ perception about the educational game  
After the academic exam, the students were asked to answer a question on 
whether the game helped them in their learning, and to explain the reason for the answer 






This study was approved by the institutional ethics committee (protocol 22/2015). 
Only students who participated in all the lessons, and who agreed to participate and signed the 
Term of Free and Informed Consent, were included in the study. 
At the end of the semester, after receiving their final scores, the students were 
informed of the study and were invited to participate, authorizing the use of their responses in 
the assessment exercise, the theoretical test, and the question concerning their perception of 
the game. This was performed in order to minimize vulnerability of the participants and 




For statistical data analysis, the unpaired Student’s-t test (5% significance level) 
was used to compare the Control and Game groups in terms of numbers of incorrect answers, 
unanswered questions in the assessment exercises, and the grades obtained in the exercises 




Sixty-one and sixty-six students, out of classes of 67 and 81 students, signed the 
informed consent and participated in Experiments 1 and 2 respectively.  
In Experiment 1, the aim was to evaluate the effect of the game on learning about 
resting membrane potential by comparing the group that attended a lecture and studied the 
topic at home (Control group) and the group that not only attended the lecture and studied at 
home, but also performed the activity with the educational game (Game group). Considering 
the learning about action potentials, the group that studied the subject by reading the textbook 
(Control group) was compared with the group that, in addition to reading, performed the 
activity with the educational game (Game group). Therefore, the comparison was made 
between the effects of reading and game activity on students’ learning about action potential. 




mistakes, compared to the Control group in the questions about resting membrane potential 
(Table 2; p < 0.05), without any difference in the number of unanswered questions (Table 2; p 
> 0.05). For the questions about action potentials, the Game group had higher scores and 
fewer errors and unanswered questions , compared to the Control group (Table 2; p < 0.05). 
There were no differences between groups in terms of the grades obtained in the academic 
exam for questions on resting membrane potential (Game group: 8.02 ± 0.30; Control group: 
8.15 ± 0.31; p > 0.05) and action potentials (Game group: 7.25 ± 0.40; Control group: 7.34 ± 
0.36; p > 0.05).  
 
Table 2. Students’ performance in the assessment exercise on resting membrane potential and 













Resting potential     
Control (reading) 31 6.41 ± 0.35 2.77 ± 0.31 1.77 ± 0.41 
Game 30 7.86 ± 0.28* 1.57 ± 0.26* 0.86 ± 0.20  
Action potential     
Control (reading) 31 4.75 ± 0.32 5.00 ± 0.45 2.84 ± 0.62 
Game 30 8.09 ± 0.45* 1.93 ± 0.38* 0.93 ± 0.47* 
N = number of observations/group.  
Values are presented as mean ± SEM.
 
1 
Sum of values obtained in questions answered correctly (total or partially). 
2
Number of questions answered incorrectly, indicating errors in student comprehension. 
3 
Number of questions that were not answered, indicating the information and concepts that 
the students realized they did not understand. 
*Significantly different from Control group (Student’s t-test, p < 0.05). 
 
In Experiment 2, learning about action potential mechanisms was evaluated by 
comparing the performances of the group that attended a lecture and studied the topic at home 
(Control group) and the group that studied the topic at home and performed the game activity 




game activity on students’ learning about action potentials. The group that performed the 
assessment after the game activity had higher scores and fewer mistakes, compared to the 
Control group that attended a lecture (Table 3; p < 0.05). There were no differences in the 
number of unanswered questions (Table 3; p > 0.05) or in the group scores obtained in the 
academic exam (Game group: 7.25 ± 0.40; Control group: 7.34 ± 0.36; p > 0.05).  














Control (lecture) 34 7.19 ± 0.29 7.62 ± 0.82  0.53 ± 0.18  
Game 32 8.16 ± 0.24* 4.81  ± 0.67* 0.59 ± 0.20 
N = number of observations/group.  
Values are presented as mean ± SEM.
 
1 
Sum of values obtained in questions answered correctly (total or partially). 
2
Number of questions answered incorrectly, indicating errors in student comprehension. 
3 
Number of questions that were not answered, indicating the information and concepts that 
the students realized they did not understand. 
*Significantly different from Control group (Student’s t-test, p < 0.05). 
 
According to nearly all (126 out of 127) the students who answered the question 
to assess the students’ perception of the game, the game helped them learn. According to 
these students, the game clarified the content and helped them understand it (n = 31); helped 
them visualize abstract content (n = 29); was a fun and dynamic learning method (n = 19); 
and helped link the topics (n = 13). Only one student judged that the game did not help 





The results of this study indicated that the use of the educational game enhanced 
the university students’ learning about resting membrane potential and action potential. The 




Although educational games have been used to teach different subjects, there is no 
consensus in the literature concerning their effectiveness in learning. Some studies showed 
that educational games improved learning (8, 14, 37), while others did not (17, 27). 
According to Barclay et al. (8), randomized studies are needed that compare knowledge 
acquired by using an educational game and that obtained by means of theoretical lessons.  
 The present study was developed in the context of these uncertainties and 
requirements. In Experiment 1, comparison was made of the performance of students in an 
assessment exercise about resting membrane potential, after use of the combination of the 
educational game, lecture, and textbook reading, and after the lecture and textbook reading 
only. Considering action potentials, comparison was made between performance after 
textbook reading and after textbook reading plus the educational game activity. In Experiment 
2, the performance of the students after use of the educational game was compared with the 
performance observed after a lecture. 
It is important to highlight that in the case of the assessment exercise the 
unanswered and incorrect answered questions were evaluated. The results indicated that in the 
Game group, there were fewer concepts and details understood incorrectly (incorrect 
answers), compared to the Control group, without difference in concepts that the students 
realized that they had not understood (unanswered questions).  
These findings suggested that the game, used to reinforce the theoretical lesson, 
may have helped to clarify the concept of resting membrane potential, making it easier for the 
students to understand the subject. The results of the students’ opinion of the game supported 
this interpretation, since 99% of the students reported that the game helped them to learn 
because it made the content easier to grasp and the abstract concepts more perceivable as 
reality.  
For the concept of action potentials, the comparison proposed in Experiment 1 
was between the textbook reading and the textbook reading plus the educational game 
activity. The basic content on membrane potential, explained in the theoretical lesson, should 
have enabled the student to understand the subjects of the assigned reading regarding action 
potentials. However, the results obtained showed that this did not in fact happen. The better 
performance of the Game group in the questions on action potentials confirmed that the 
students had difficulty with this topic, since the Control group answered fewer questions 
correctly. 
The purpose of this comparison was to evaluate whether the game would be 




educational game, some students spontaneously said that the game was helping them to 
understand the material that they had read in the textbook. They said that some topics seemed 
very abstract and that by manipulating the pieces of the game, they became more 
understandable. Similarly, the activity with the game helped the students to understand the 
dynamics of the ion channels demonstrated in the video used in Class 4. During this lesson, 
the students spontaneously said that when analyzing the video, they remembered how they 
had moved the ions during the educational game activity. 
A limitation of this analysis was the absence of a comparison between the scores 
obtained by a group that used the educational game, and another that attended a lecture in 
which all the information was transmitted by the teacher. Another limitation in Experiment 1 
was that the effect of the educational game was evaluated immediately after the game activity. 
Therefore, Experiment 2 was designed, with the aim of comparing the mid-term 
effects of a lecture about action potentials and the activity with the educational game, in terms 
of the students’ learning ability. Higher grades and fewer mistakes were recorded for the 
Game group, supporting the conclusions of Experiment 1 and demonstrating the better 
performance of the students after the activity with the educational game, compared to a 
lecture. Moreover, the assessment exercise was performed two days after the activity with the 
game, so the effectiveness of the latter in improving the understanding of membrane 
potentials was not restricted to immediate effects. 
This interpretation was reinforced by the absence of any difference between the 
performances of Control and Game groups in the academic exams in Experiments 1 and 2. 
The academic exams were held 12 days after the two groups had undertaken the activity with 
the educational game. In the future, we intend to conduct complementary studies to analyze 
the effect of the educational game on long-term learning, with assessment of what the students 
can still remember about action potentials and the generation and transmission of electrical 
stimuli when they reach the second to fifth years of the undergraduate course.   
The positive effect of this game may be related to factors involved in adult 
learning, whereby students feel motivated to learn when they are able to integrate the content 
studied with their professional activities, when they can apply the new content quickly, and 
when they feel responsible for their own learning (25). In Class 1, the relationship was shown 
between the topics that would be studied and the clinical practice of dentistry (involving local 
anesthetic and the transmission of nervous stimuli, including painful stimuli). During the 
game activity, the monitors asked questions so that the students could connect the basic 




channels present in the cellular membrane, to the transport of ions through the membrane and 
generation of electrical stimuli. Although they were not measured, satisfactory reactions and 
even joy could be identified in some students when they realized that they had understood the 
subject by answering the questions correctly, or when they had offered an explanation of an 
aspect of the subject to another student.  
In addition, during the series of lessons, repetition of concepts and content was 
made using different approaches: theoretical explanations with PowerPoint slides, reading, 
video analysis and discussion, and group discussions during the activity with the educational 
game. This allowed the students to have time to assimilate the information, connect it to 
previously studied content, and identify their doubts (25). Furthermore, the use of different 
strategies allowed the teacher to interact with the students employing varied sensory learning 
styles (20). The VARK questionnaire (where V is visual, A is aural, R is reading-writing, and 
K is kinesthetic) is a tool that can be used by teachers to determine the learning style 
preferences of each student. The VARK questionnaire is available in the link: 
http://www.llcc.edu/student-services/cas/helpful-handouts/using-the-online-vark-
questionnaire/.  People have different learning preferences, such as reading and writing, 
watching films or demonstrations, and engaging in activities involving movement and social 
interaction (36). Therefore, the use of an educational game associated with theoretical lessons 
and reading is an important strategy that can enhance the students’ learning processes.  
Another factor that may also have contributed to the positive effect of the 
educational game was the formative assessment, which provide the student with constant 
feedback (23). Throughout the activity with the educational game, the students needed to 
review the movement of the pieces representing the ions through the ion channels. The 
exchange of ideas during the group discussion to find the correct answer allowed the students 
to receive feedback from their colleagues or monitors. And these process could promote 
higher engagement of students and improve learning (21, 30, 33, 34).  
The development of the game used here stemmed from the students’ difficulty in 
understanding the subject, as identified by the teacher coordinating the study, who had 
experienced similar difficulty when she was an undergraduate student. During a conference, 
in a discussion about the preliminary data of the present study, another teacher reported to 
have also developed a game on the same topic, involving the movement of pieces simulating 
ions. It was evident from the exchange of information that the games seemed to help the 
students to learn and improved their levels of interest and engagement.  In addition, it was 




experiences as students, putting themselves in the place of their students. The sharing of 
experiences with other teachers is of great importance in establishing innovative teaching 
practices, since it allows teachers to perceive that their colleagues have the same difficulties, 
concerns, and questions, and that students of different courses and institutions present similar 
demands and difficulties.  
Educational games employing structures and materials similar to those used here 
could be developed to teach other topics. The game was based on the use of pieces produced 
from cheap and simple materials to make the students think about the information they had 
acquired in the lecture and from reading a book. The pieces were designed to make the 
students use this information (concerning the cell membrane structure, ion channels, and ion 
concentrations inside and outside the cell) to understand how the movement of ions occurs 
and how the electrical charge differences through the cell membrane are generated and 
sustained. The different levels of the game allowed the students to understand the themes step 
by step. This approach could be used to teach other complex topics in physiology as well as in 
different areas. 
It is important to stress that the present study evaluated learning not only 
considering the perception of the students, but also analyzing the scores obtained in the post-
game assessment, as well as the numbers of errors and unanswered questions. Therefore, this 
study represents an important contribution concerning the influence of educational games on 
student learning, demonstrating their effectiveness.  
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2.2 Increased learning by using board game on muscular system physiology compared to 
the guided study 
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The aim of the present work is to describe the ―Muscular System Game‖ created to assist in 
the teaching-learning process concerning the physiology of the muscular system, and to 
evaluate its effect on the learning of university students from courses in the area of health. 
The participants (n = 43) were first-year students of the undergraduate courses in pharmacy 
and nursing, that follow the same subjects. After theoretical classes concerning the physiology 
of the muscular system, the students of the pharmacy course (game group, n = 21) and the 
nursing course (control group, n = 22) were instructed to study the topic using the textbook 
provided (Silverthorn et al. 2009). In the week after the theoretical class, the students of the 
game group performed the activity with the board game, and the students of the control group 
undertook a guided study activity, employing the same questions used in the game to be 
answered by groups of three participants. In the week following these activities, all the 
students answered evaluation questions about the topic. The scores obtained for the two 
groups in the evaluation were compared using the Student’s t-test for unpaired samples, 
considering a significance level of 0.05. The score obtained for the control group (5.78 ± 
0.38) was significantly lower than the score for the game group (7.50 ± 0.47; p < 0.05). The 
results obtained indicating that the use of an educational board game about the physiology of 
muscle contraction resulted in significantly improved learning, compared to the use of guided 
study. 
 
Keywords: Learning; teaching; educational game; physiology. 
 
Snapshot description  
The effect of an educational game on the learning of muscular physiology was compared with 
a guided study activity with students of health courses. The mean scores obtained in the 
evaluation after the use of the game were significantly higher than those obtained after the 









Studies worldwide have shown that in health education courses, the use of active 
learning methods together with traditional classes can enhance the teaching-learning process 
(20, 34, 48, 49), improving grades and the perceptions of the students, as well as reducing 
failure rates (10). Interest in effective active methods of teaching has increased, with events 
such as the ADInstruments Teaching Workshop, a satellite event of the four-yearly 
International Union of Physiological Sciences (IUPS) Congress, attracting teachers, students, 
and researchers from around the world to discuss ways to improve the teaching-learning 
process applied to physiology (27, 30) 
The human physiology discipline is considered difficult by many students from 
different courses in the area of health (32). According to the students, this difficulty is related 
to the need to memorize content, an excessive quantity of information, difficulty in 
understanding the relations between the morphology and function of organs and systems, and 
the perception of some topics as being too abstract (45). Knowledge of the physiology of the 
locomotor system is vitally important in order for undergraduate students of nursing and 
pharmacy courses to understand how endogenous substances and drugs act at neuromuscular 
junctions. Furthermore, it is crucial to understand the mechanisms of action of neuromuscular 
blockers used during surgery and in intensive care units (36), since these substances can cause 
death if used incorrectly (21). Another example is botulinum toxin, which is used to reduce 
muscle spasticity (19) and in aesthetic treatments to reduce wrinkles (22), since the toxin can 
cause adverse effects such as muscle rigidity (42). 
Given the difficulty involved in learning these vital contents, it is necessary to 
search for ways to provide an environment that motivates the student in the quest for 
knowledge, since intrinsic motivation is essential for the learning process, additional to the 
influence of external factors (47). Compared to traditional classes, active teaching methods 
can improve both learning (9, 24, 25) and the perception of students in relation to increased 
knowledge (28, 33), stimulating the development of autonomy and critical reasoning (11, 43). 
The combination of traditional classes and active teaching methods provides a way of 




Educational games, whether competitive or not (2), are strategies used to make the 
student more active and interested in the teaching-learning process (18). The use of an 
educational game creates a beneficial learning environment, requiring the interaction of the 
students in questions and answers that assist in retaining information and improving 
performance (1). In addition to the positive impacts on student learning, the use of educational 
games can increase involvement with activities related to the content of the course (41), as 
well as promote greater perception of improved learning by the students (9, 24, 28, 35, 40). 
The aim of the present work is to describe the ―Muscular System Game‖ created 
to assist in the teaching-learning process concerning the physiology of the muscular system, 
and to evaluate its effect on the learning of health career academic students. 
 
MATERIALS AND METHODS 
Description of the educational game  
The educational game about the muscular system consists of a design printed on 
an A3 sheet, showing a route consisting of colored sectors (Figure 1), together with 6 colored 
pins, 1 dice, and 50 colored cards with questions concerning the physiology of the muscular 
system, to be answered by the participants. The colors of the cards correspond to the colors of 













 Each colored card contains one question. Ten different questions are provided for 
each color, with the objective that all the players can answer questions that have not yet been 
drawn by other participants. The questions are the multiple choice type and involve filling 
gaps. 
 The questions were elaborated using increasing levels of complexity (3). The first 
six sectors of the route on the board are blue and the corresponding questions printed on the 
blue cards focus on the memorization of structures and the definition of concepts. The next 
six sectors are green and the corresponding cards have questions that in addition to knowledge 
also require understanding of the content. Subsequently, questions associated with the yellow, 
pink, and purple sectors are related to the capacity to analyze information and apply the 
content studied in the solving of problem situations (Table 1). The intention of creating a 
game with questions of varying levels of complexity was to be able to evaluate memorization 
of basic concepts and the application of knowledge in situations related to future professional 
activities, as well as to encourage the development of communication and argumentation 
abilities, since the activity is performed in groups (17). 
 
Table 1: Examples of questions used in the board game 
Card color Question 
Blue The nerve ending within the muscle fibers that commands the contraction 
of skeletal muscle is called: 
a. Node of Ranvier 
b. Myoglobin 
c. Motor end plate 
d. Meissner´s corpuscle 
e. Gap junction 
Green During muscle contraction: 
a. troponin slides on actin and then reduces sarcomere size. 
b. the sarcoplasmic reticulum releases calcium that binds to troponin. 
c. tropomyosin only stabilizes sarcomere for muscle contraction to occur. 
d. ATP binds to actin and acts during the period of reducing the sarcomere. 
e. the distance between Z lines and the size of sarcomere increase. 
Yellow The hyperpolarization of the muscle cell:  
a. improves the coupling between actin and myosin.  
b. decreases the amount of troponins available.  
c. increases depolarization in T-tubules.  
d. decreases the likelihood of calcium channels opening.  





Pink "Botox" is a commercial product that consists of botulinum toxin that acts 
by blocking nerve function. It is used in the treatment of people suffering 
from abnormal muscle contractions, as well as in the cosmetology 
treatment of signs of facial aging. This neurotoxin acts as a muscle relaxant 
and thus acts: 
a. Blocking the release of acetylcholine in the nerve endings. 
b. Preventing acetylcholine from entering the T-tubules. 
c. Inhibiting the enzyme acetylcholinesterase, which destroys 
acetylcholine. 
d. Preventing calcium output from the sarcoplasmic reticulum. 
e. Preventing troponin movement. 
Purple Myasthenia gravis is an autoimmune disease in which the body does not 
recognize the acetylcholine receptors of the skeletal muscles as part of 
itself. So the immune system produces antibodies against these receptors. 
This fact triggers: 
a. Normal release of neurotransmitter with reduced target muscle 
response. 
b. Reduced release of the neurotransmitter with reduced target muscle 
response. 
c. Normal release of neurotransmitter with increased response of target 
muscle. 
d. Reduced release of neurotransmitter with increased response of target 
muscle. 
e. Normal release of neurotransmitter with adequate response of target 
muscle. 
 
The game includes a feedback sheet providing the answers to all the questions, 
which is given to one of the participants, as described below. 
The strategy adopted is to use the educational game together with a theoretical 
class. The theoretical class, which is performed first, presents the content in a way that 
stimulates the interest of the students, demonstrating the use of the knowledge in the daily life 
of the practitioner. An example is the neuromuscular blockers that are frequently used in 
intensive care units and during surgery, where the aim of the class is to stimulate discussion 
about the risks and benefits of the use of these substances and the importance of 
understanding the associated mechanisms of action. Knowledge of physiology is an essential 
requirement for understanding the effects of different treatment procedures and medications. 
In addition to arousing interest by demonstrating the clinical application of knowledge, it is 
important to present the basic concepts of the muscular system, considering the distributions 
of cells and proteins in the different muscle tissues, together with their importance during 
muscle contraction. An introduction to the mechanism of muscle contraction should be 




reorganization of proteins. After the theoretical class, the students are instructed to study the 
topic of the lesson at home, using a physiology textbook. 
At the start of the next class, the teacher informs the students that an educational 
game activity will be performed, and explains the rules of the game, as described below. 
 
1. The students are divided into groups of between four and six participants. The students 
choose their own group members. In each group, one of the participants is appointed as the 
organizer of the game. Firstly, the players select the colors of their pins and place the pins in 
the ―start‖ position. The game organizer, who does not receive a pin, is provided with a sheet 
listing the questions and answers, in order to check whether the answers of the players are 
correct or incorrect. The organizer is also responsible for controlling the time taken to provide 
an answer. 
 
2. Each group selects the player who will start the game, by drawing lots. The suggested 
method is that each player throws the dice once, and the player with the highest number starts 
the game. The game then proceeds in a clockwise direction. 
 3. The player whose turn it is selects a blue card and reads the question aloud so that all 
members of the group can hear. After reading the question and the possible answers, the 
player has a maximum time of two minutes to indicate the correct answer out loud. The 
student organizing the game is responsible for controlling the time and checking the feedback 
sheet to see if the player has provided the correct answer. 
4. The game organizer announces the correct answer after the response of each participant. 
The organizer is also responsible for ensuring that the time taken to provide an answer does 
not exceed two minutes and that all the players follow the rules described above. 
 
If the player gives the correct answer, the dice is thrown and the pin is moved 
forwards according to the number shown. In the next round, after the other team members 
have performed the same steps, the player chooses a card of the color of the sector in which 




In the case of an incorrect answer, the player is not allowed to throw the dice and 
advance the pin, which remains in the same place until the next round. Hence, only the 
players who provide correct answers can throw the dice and move the pins. In the absence of 
a correct answer, the player remains in the same sector.  
The questions were read aloud to the entire group, and although only one student 
at a time answered the questions, the other students within the group could also try to discover 
the answer and help in explaining, should the student whose turn it was make a mistake.  
Along the route of the pins on the board, there are sectors with special features, 
giving the following messages: ―You’ve been knocked out! Go back two places!‖; ―You’re 
lucky! You’ve won two attempts!‖; ―Bomb!! If you make a mistake, go back four places!‖. If, 
after throwing the dice, the pin stops at the sector ―You’ve been knocked out! Go back two 
places!‖, the player must retreat two places and remain at the resulting location until the next 
round. If, after throwing the dice, the pin stops at the sector ―You’re lucky! You’ve won two 
attempts!‖, then, if an incorrect answer is given, the student has another chance to select the 
correct answer. If, after throwing the dice, the student’s pin stops at the sector ―Bomb!! If you 
make a mistake go back four places!‖, then, if an incorrect answer is given, in addition to not 




This work was approved by the institutional ethics committee (protocol 
#33/2015). The participants (n = 43) were first-year students of the undergraduate courses in 
pharmacy and nursing at a university in Minas Gerais State, who attended the 
Morphofunctional Sciences I discipline in the year 2016. 
Participated in this study first-year undergraduate students of the pharmacy course 
(game group, n = 21, 5 men and 16 women, age 23.57 ± 4.92) and the nursing course (control 
group, n = 22, 2 men and 20 women, age 22.90 ± 4.93). Although the ideal split of groups for 
the study has not occurred, in the first year of graduation there is no difference between the 
pharmacy and nursing groups, since they study the same subjects: 1) Morphofunctional 
sciences, 2) Molecular and Cellular Sciences, 3) Environment and Microorganisms, 4) 




to each course. Therefore, in the first year of graduation they had the same level of 
preparation. 
After theoretical classes concerning the physiology of the muscular system, game 
and control groups were instructed to study the topic using the textbook provided (44), before 
participating in the different activities in the following week. The classes for the pharmacy 
and nursing courses occurred on different days and times, but included the same content.  
In the week after the theoretical class, the students of the pharmacy undergraduate 
course performed the activity with the board game, as described above. The students of the 
control group undertook a guided study activity, employing the same questions used in the 
game (Table 2), but provided printed on a paper sheet, to be answered by groups of three 
participants. The group that solved the questions of the guided study received similar level of 
feedback and interaction as the game group, because during the guided study the teacher 
walked the class clarifying the students' doubts and at the end of the activity the questions 
were discussed with the teacher.  
 
Table 2: Examples of questions used in the guided activity 
 Questions 
1 What is the name of the nerve ending within the muscle fibers that commands 
the contraction of skeletal muscle? 
 
2 Explain the physiology of muscle contraction, from the moment the action 
potential reaches the muscle fiber to the contraction and relaxation of the 
muscle, citing all the proteins and other structures involved in the process. 
3 How does hyperpolarization of muscle fiber occur? 
4 "Botox" is a commercial product that consists of botulinum toxin that acts by 
blocking nerve function. It is used in the treatment of people suffering from 
abnormal muscle contractions, as well as in the cosmetology treatment of signs 
of facial aging. How this neurotoxin acts as a muscle relaxant? 
5 Myasthenia gravis is an autoimmune disease in which the body does not 
recognize the acetylcholine receptors of the skeletal muscles as part of itself. So 
the immune system produces antibodies against these receptors. What this fact 
triggers? 
 
In the week following the game and guided study activities, all the students 




given to the students in the disciplines, since they were only intended for analysis and 
comparison of the effects of the educational game and the guided study, in terms of student 
learning. It was explained to the students that the purpose of these questions was to enable the 
teacher to identify any difficulties encountered by the students. After the evaluation, the 
students of the control group performed the activity with the educational game, while the 
game group undertook the guided study activity, in order to ensure the same treatment and the 
same learning opportunities for all the students. The sequences of procedures are presented in 
Figure 2.  
 
 
Figure 2: Sequences of procedures. 
 
In order to evaluate if there were differences in exercise scores between the 
groups after all activities were performed by both groups, the scores obtained in the academic 
exam of the subject Morphofunctional Sciences I were compared. 
 
Analysis of the results 
The scores obtained for the two groups in the evaluation were compared using the 







The score obtained for the group that undertook the guided study was significantly 
lower than the score for the group that was submitted to the educational game activity (5.78 ± 
0.38 vs. 7.50 ± 0.47; p < 0.05). There was no difference in the score obtained in the academic 




This work compared two teaching methods complementary to theoretical classes, 
with the results obtained indicating that the use of an educational board game about the 
physiology of muscle contraction resulted in significantly improved learning, compared to the 
use of guided study. These results corroborated the findings of research undertaken in various 
countries and institutions, which also showed that the use of educational games could improve 
learning (4, 8, 9, 24). In a similar study, the effect of a detailed theoretical class concerning 
the cardiac cycle, with group discussion, was compared with the effect of a shorter theoretical 
class that did not present all the content, associated with an educational game for teaching of 
the cardiac cycle. It was found that the group that performed the activity with the educational 
game showed increased learning, compared to the other group (9). Elsewhere, Ober (39) 
reported increased learning of undergraduate students of a veterinary course who performed 
an activity involving a game concerning the quality of radiographic images, compared to a 
group of students who did not undertake the game activity. In this study, the number of 
questions answered by each player was not verified, but this activity did not influence the 
result because all questions and answers are spoken aloud, so all players can reflect on all the 
questions involved in the board. 
Similar results were also reported in research concerning advanced pharmacy 
practices, involving undergraduate pharmacy students. After identifying the two topics that 
were most challenging for these students, the authors created two educational card games, one 
concerning cardiology and another about infectious diseases, and the students performed 
activities with these educational games for at least one hour, during three classes. Before and 




topics, as well as on pharmaceutical practices (as a control). It was found that the students 
achieved higher scores in the evaluation when the content was delivered by means of card 
games, rather than by using theoretical classes and laboratory exercises (4). Three other 
studies using pre- and post-testing showed increases in learning with the use of educational 
games. One of these studies employed a divination board game on the topic of pulmonary 
physiology (8). A further two studies involved educational games concerning diabetes (16) 
and auscultatory measurement of arterial blood pressure (5). 
Research studies of classroom teaching are complex, since it is extremely 
difficult, or even impossible, to isolate all the variables and characteristics involved in the 
phenomena under investigation (31, 37). For many educational issues, this makes it unfeasible 
to require evidence based on randomized data (38). Educational experiments performed under 
laboratory conditions would allow better control of the variables, making the results more 
robust and convincing, but it would be difficult to extend the conclusions of laboratory 
experiments to the classroom, precisely because the variables are not controlled in the 
classroom environment (31). 
In the present study, the lack of equal sex ratio and the difference of courses 
between control and game groups illustrate some limitations of classroom research. The sex 
ratio varies among the different health careers, and it is a factor that could not be controlled 
by the reseachers without some artificial way to exclude volunteers, to have equal number of 
men and women in the both gorups. If we did it, we will have another limitation related to the 
criteria that would be used for volunteers’ exclusion.   
There was no significant difference in the score obtained in the academic exam of 
the discipline Morphofunctional Sciences I (Pharmacy: 6,81± 1,40 vs. Nursery 7,34 ± 2,06; p 
> 0.05). Since the experience was repeated with both groups, by the time the major exam was 
given, both control and treatment groups would have been exposed to the board game and the 
guided study activity. Therefore, there should be no difference in the academic exam score 
between the groups. 
Moreover, there is no difference between the Pharmacy and Nursing Curricula in 
the first year. All the volunteers had followed the same disciplines: morphofunctional 
sciences, molecular and cellular sciences, environment and microorganisms, culture, society 





In the present work, in order to evaluate the effects of the educational game and 
guided study on learning, the students were divided into groups according to the structure of 
the curriculum, the activities scheduled for the semester, and the time available in the weekly 
lessons timetable. Dividing the students of a class into two groups would require a longer 
classroom time, since the lecturer would need to repeat the activities so that both groups 
received the same experiences (9, 24). Another option for classroom studies is to evaluate the 
effect of the learning technique using pre- and post-testing (15), with the same students being 
evaluated before and after activities with educational games, which would facilitate inclusion 
of the tests during the period of the class (8, 12, 16). 
Although the perceptions of the students were not evaluated in the present work, it 
was evident that during the game, the students showed greater interest and enthusiasm for the 
topic, which created a more relaxed atmosphere. This is an important point, since the 
perceptions of students regarding the teaching environment directly influence learning, with 
positive perceptions leading to increased learning and academic success (23). Also the 
collaboration among the students during the game encourages active engagement with the 
topic and enhances academic performance (14). A study of undergraduate students from 
different institutions and different courses, including the areas of medicine, biology, dentistry, 
pharmacy, and nursing, found a positive perception about the use of a cardiac cycle game to 
improve learning (28). Positive results concerning the perceptions of students towards the use 
of educational games were also found after the use of games on membrane and action 
potentials in Dentistry (24), Physioterapy and Nursing courses (26), on respiratory physiology 
(35) and of blood groups (6) in Medicine courses, on the fundamentals of nursing materials in 
a Nursery course (7), and on international drug discovery in a Pharmacy course (13).  
It is important to highlight that although the game used in the present work was 
developed for the topic of muscular system physiology, the strategy could be adapted for use 
with other topics. This would only require that the lecturer responsible for the discipline 
should elaborate questions relevant to the topic, increasing the difficulty of the questions 
according to progress through the sectors on the board. The game employed here has the 
advantage of not requiring the use of mobile devices or the internet; it employs inexpensive 
printed material that is highly durable (depending on the material used for printing) and can 
therefore be used in several different classes. It can be applied in any region of the world, 
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O objetivo do presente trabalho é descrever o uso de diferentes estratégias de resolução de 
prova em grupo, após a avaliação individual, e prévia e avaliar a percepção discente sobre seu 
efeito no aprendizado. Participaram deste estudo alunos de curso de graduação de três 
diferentes instituições brasileiras, sendo 124 alunos de Odontologia (estudo 1), 30 de 
enfermagem e 34 de Fisioterapia (estudo 2) e 452 de Medicina (estudo 3).  No estudo 1 
participaram alunos que cursavam uma disciplina integrada, de anatomia, fisiologia, 
histologia e bioquímica, e nos estudos 2 e 3 alunos que cursavam disciplinas específicas de 
Fisiologia. Na primeira aula após a realização de uma prova individual, os alunos foram 
divididos em grupos de quatro a seis integrantes para responder a mesma prova juntamente 
com os colegas do grupo. Houve diferenças na formação dos grupos e possibilidade de 
consulta ao material didático nos três estudos. Após esta atividade, as questões foram 
discutidas juntamente com os professores, valorizando a participação ativa dos alunos. Ao 
final do semestre, os alunos responderam questões relacionadas ao auxílio no aprendizado e 
preferencia para realização da atividade em grupo ou individualmente. Considerando todos os 
640 voluntários, 589 (92.03%) afirmaram que a realização da prova em grupo ajudou no 
aprendizado e 51 (7.97%) que a prova em grupo não ajudou no aprendizado. A maior parte 
dos estudantes afirma preferir a realizar a atividade em grupo. A realização da prova em 
grupo após a realização individual prévia auxiliou para aumento do aprendizado, 
principalmente por permitir o compartilhamento de conhecimento entre os integrantes do 
grupo, ajudar na identificação e esclarecimento de dúvidas, na fixação de conteúdo, além de 
ser um método mais dinâmico e descontraído. 
 










   
 No ensino superior, têm sido crescente a utilização de métodos ativos de ensino, 
que tornam o aluno protagonista do próprio aprendizado, contribuindo para o aumento do 
aprendizado e formação de profissionais mais críticos e reflexivos (3). Contudo, no Brasil, 
aulas totalmente expositivas ainda predominam, e a pesquisa em ensino de fisiologia é recente 
(21). Eventos voltados para discussão sobre o ensino em fisiologia auxiliam neste processo de 
ampliação do uso de métodos ativos de ensino, gerando oportunidade de compartilhamento de 
conhecimento, além de espaço para reflexão da prática docente e formação de rede de 
contatos entre professores para ações futuras em colaboração (22).  
 Há evidências de que os métodos ativos de ensino são mais eficazes para o 
aprendizado dos alunos quando comparados ao método tradicional com aulas teóricas (24). 
Estudos apontam para aumento significativo do aprendizado quando são utilizados métodos 
ativos como jogos educacionais (2, 5, 6, 11, 20, 27), dramatizações (7, 10, 25), peer 
instruction (8, 12, 18, 32), dentre outros. Além disso, o uso de métodos ativos de ensino 
parece promover redução dos índices de evasão dos alunos em comparação aos índices de 
cursos com abordagem tradicional com apenas aulas teóricas não dialogadas (18, 23). Isto 
pode estar relacionado ao desempenho acadêmicos dos alunos, já que alunos com baixo 
desempenho e mais descontentes são mais propensos a abandonar os cursos (13).  
 Além de serem utilizadas como método exclusivo de ensino, as estratégias ativas 
podem ser mescladas com aulas tradicionais. Estudos prévios indicam que quando são 
utilizados métodos ativos de ensino combinados com aulas tradicionais ocorre melhora do 
desempenho dos alunos (20, 31, 33, 39). Mesclar atividades de aprendizagem colaborativa 
com ensino tradicional é uma forma de enriquecer o ambiente de aprendizagem e mostrou-se 
eficaz para expor os alunos de graduação em enfermagem a abordagens construtivas para o 
trabalho em equipe e prepará-los para a prática profissional baseada em evidências (37). A 
utilização de apenas estratégias ativas de ensino, como no PBL, não apresenta grande 
influência nas notas dos exames acadêmicos dos alunos, porém oferece um ambiente propício 
para o desenvolvimento de habilidades de resolução de problemas e tem demonstrado 
desenvolver atitudes mais positivas do aluno em busca de conhecimento, promovendo 




   A aprendizagem colaborativa é uma estratégia de ensino que exige que os alunos 
trabalhem juntos em busca de um objetivo comum (15), sendo muito importante para o ensino 
de profissionais nas áreas de saúde, visto que o ambiente de trabalho exige que os 
profissionais saibam trabalhar em equipe em prol de um mesmo objetivo, que é a manutenção 
e recuperação da saúde do paciente (16, 37). Além de estimular e aprimorar o trabalho em 
equipe, a aprendizagem colaborativa foi considerada útil para melhorar o conhecimento e o 
desempenho de habilidades de alunos de cursos nas áreas da saúde (38), incluindo habilidades 
de comunicação, essenciais para qualquer profissional. 
A utilização de aprendizagem colaborativa em cursos nas áreas da saúde é comum 
e ocorre em uma variedade de formatos, envolvendo esforço intelectual de um grupo de 
alunos, incentivando o compartilhamento de conhecimentos (34), e facilitando o 
entendimento. Uma destas possibilidades é a resolução de questões entre pares. Estudos 
anteriores mostraram que a utilização deste método após uma aula expositiva melhora o 
desempenho e fortalece a retenção de conhecimento de estudantes de graduação (8, 12, 36). 
Independente da abordagem metodológica utilizada, a avaliação dos alunos é 
sempre um desafio. Atualmente, a metodologia avaliativa mais utilizada ainda é a prova. A 
prova é vista como um dos fatores mais estressores durante a graduação por estudantes de 
medicina (14), enfermagem (29) e fisioterapia (26). Considerando que a prova é um 
instrumento importante de avaliação, neste trabalho propomos a resolução de prova em grupo 
após a avaliação individual tradicional. Hipotetizamos que refazer a prova em grupo, de forma 
colaborativa, após ter realizado a prova individualmente, é uma estratégia de ensino que pode 
permitir ao aluno identificar conceitos errados, entender seus erros e compreender o conteúdo 
de maneira mais ampla, visto que geralmente os alunos não se preocupam em verificar seus 
erros após a prova, ficando apenas com foco no conceito obtido. 
O objetivo do presente trabalho é descrever o uso de diferentes estratégias de 
resolução de prova em grupo após a avaliação individual prévia e avaliar a percepção discente 









Participaram deste estudo alunos de curso de graduação de três diferentes 
instituições brasileiras, sendo 124 alunos de Odontologia (estudo 1), 30 de Enfermagem e 34 
de Fisioterapia (estudo 2) e 452 de Medicina (estudo 3). No estudo 1 participaram alunos que 
cursavam uma disciplina integrada, de anatomia, fisiologia, histologia e bioquímica, e nos 
estudos 2 e 3 alunos que cursavam disciplinas específicas de Fisiologia Humana, ministradas 
no início dos respectivos cursos.  
  Todas as disciplinas cursadas pelos estudantes da presente pesquisa possuem 
como ferramenta de avaliação duas provas individuais semestrais compostas por questões 
objetivas e dissertativas, realizadas no meio e final do semestre.  
  Nos estudos 1, 2 e 3, na primeira aula após a realização da segunda prova 
individual semestral, os alunos foram divididos em grupos de quatro a seis integrantes para 
responder a mesma prova juntamente com os colegas do grupo. No estudo 1, o professor 
formou os grupos, de forma a mesclar em cada grupo os alunos com diferentes desempenhos 
nas provas anteriores e, nos estudos 2 e 3, os alunos escolheram os componentes dos grupos. 
No estudo 3 os alunos utilizaram material para consulta durante a resolução da prova em 
grupo, o que não foi permitido nos estudos 1 e 2.  
  Os professores orientaram os alunos para que discutissem as questões em grupo e 
escolhessem/elaborassem a melhor resposta de acordo com as contribuições de todos da 
equipe. Após esta atividade, as questões foram discutidas juntamente com os professores, 
valorizando a participação ativa dos alunos. Nos estudos 1 e 3 a discussão foi realizada após 
entrega da prova ao professor. Já no estudo 2, os alunos participaram da discussão com o 
professor antes da entrega da prova, para que pudessem verificar suas respostas no momento 
da discussão, conforme apresentado na tabela 1.  
 
Avaliação da percepção 
 
 Ao final do semestre, os alunos participantes dos estudos 1, 2 e 3 responderam 
individualmente a seguinte questão: ―A realização da prova em grupo ajudou no seu 




 Os alunos participantes dos estudos 2 e 3, responderam individualmente mais duas 
questões: 2) Em uma escala de 1 a 5, você considera que a dinâmica de correção promoveu no 
seu aprendizado (marque uma alternativa): 1 – nenhum auxílio, 2 – auxiliou pouco, 3 – 
auxiliou razoavelmente, 4 – bom auxílio, 5 – auxiliou muito. 3) Você prefere que a dinâmica 
seja realizada em grupo ou individualmente? 
Para análise das respostas à questão 2, em que foi utilizada escala de Likert, nos 
estudos 2 e 3, as respostas divididas em quatro categorias (1-2; 3; 4; 5) e foi utilizado o teste 
qui quadrado para verificar se houve diferença significativa entre as frequências. O nível de 
significância estabelecido foi 0,05. 
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* Os alunos dos estudos 1 e 2 realizaram a discussão com os professores após entregarem a 
prova, ou seja, estavam sem a prova em mãos. No estudo 2, os alunos realizaram a discussão 
com o professores antes de entregar as questões respondidas em grupo, ou seja, estavam com as 








 Considerando todos os 640 voluntários, 589 (92.03%) afirmaram que a realização 
da prova em grupo ajudou no aprendizado e 51 (7.97%) que a prova em grupo não ajudou no 
aprendizado. Na tabela 2 apresentamos o detalhamento dos resultados por estudo.  
 
Tabela 2: Percepção dos estudantes sobre a realização da prova em grupo no aumento do 
aprendizado.   
































As respostas à segunda questão, empregada nos estudos 2 e 3 com utilização de 
escala de Likert, foram analisadas e os resultados estão apresentados na tabela 3. Houve 
diferença significativa na frequência de respostas nos estudos 2  (𝜒² : 37.625; G.L. : 3; p < 
0.0001) e 3 (𝜒² : 187.593; G.L. : 3; p < 0.0001). A maior parte dos estudantes acredita que a 
realização da prova em grupo, após prova individual, auxiliou no aprendizado (estudo 2: 41%; 
e 3: 42%) ou auxiliou muito no seu aprendizado (estudo 2: 46%; e 3: 37%). 
Tabela 3: Respostas à segunda questão, empregada nos estudos 2 e 3 com utilização de escala 
de Likert, considerando o auxílio da dinâmica de correção no aprendizado. 
 
Estudo 2  Estudo 3 
 
Total 
Respostas N %  n % 
 
% 
1 –  2 (Nenhum auxílio/ 









3 – Auxiliou razoavelmente 7 11  85 19 
 
18 
4 – Bom auxílio 26 41  190 42 
 
42 
5 – Auxiliou muito 30 46  170 37 
 
38 




De acordo com os estudantes dos três estudos, a ajuda no aprendizado foi 
justificada por permitir o compartilhamento de conhecimento entre os integrantes do grupo, 




método mais dinâmico e descontraído (Tabela 4). Dentre as justificativas dos participantes 
para o não auxilio ao aprendizado, podemos destacar o fato de ser muito trabalhoso, o pouco 
tempo disponível para atividade, além de problemas com o grupo devido à falta de 
engajamento de alguns participantes no estudo 1. 
 
Tabela 4: Justificativas dos alunos que consideraram que a prova em grupo foi útil para o 
aprendizado de fisiologia. 
Estudo 1 
―Esta atividade permitiu identificar os erros e esclarecer as dúvidas‖ 
―A discussão entre os colegas do grupo ajudou a entender melhor o conteúdo‖ 
Estudo 2 
―Ótimo momento para discutir os mecanismos porque ainda estão frescos na cabeça‖ 
―Muito bom discutir em grupo as questões, poucos dias após a prova‖ 
―Fazer a prova, depois discutir em grupo e finalizar com os comentários do professor ajudou 
muito na compreensão das questões‖ 
Estudo 3 
―Além de auxiliar na fixação do conteúdo, a metodologia ajuda a corrigir entendimentos 
equivocados‖ 
―Ajuda a melhorar a compreensão do conteúdo e sanar dúvidas que ainda existem‖ 
―Auxilia no aprendizado‖ 
―Esclarecedora (a dinâmica)‖ 
―Dinâmica muito importante, pois auxilia no entendimento do conteúdo‖ 
―Muito necessário, deveria ser adotado em outras matérias. Ajuda a fixar o conteúdo‖ 
 
Nos estudos 2 e 3, ainda questionamos se o aluno preferia refazer a prova 
individualmente ou em grupo. No estudo 2, 60 (93.75%) estudantes afirmaram preferir a 
realizar a dinâmica em grupo e apenas 4 (6.25%) estudantes afirmaram que preferiam realizar 
individualmente. Resultados semelhantes foram obtidos no estudo 3, no qual 440 (97.35%) 
estudantes afirmaram que preferem realizar a atividade em grupo e apenas 12 (2.65%) 







A partir dos resultados obtidos, observamos que a maior parte dos estudantes 
acredita que refazer a prova em grupo auxiliou no seu aprendizado, principalmente por 
estimular o compartilhamento de conhecimentos e minimizar as dúvidas, semelhante ao 
resultado encontrado em outras pesquisas envolvendo atividades em grupo (9, 35). Tais 
resultados podem ser justificados considerando que durante a resolução de questões a 
discussão entre pares aumenta o aprendizado (8, 17) e a habilidade de resolver problemas 
(18), o que pode ser eficaz para favorecer a compreensão de conceitos difíceis, mesmo 
quando ninguém no grupo inicialmente sabe a resposta correta (32).  
A estratégia empregada aqui é considerada como aprendizagem colaborativa, na 
qual os alunos trabalham juntos em pequenos grupos em direção a um objetivo comum e, 
desta forma, auxiliam uns aos outros na busca pelo sucesso (15), o que permite um maior 
compartilhamento de conhecimentos entre os diferentes membros da equipe (28). Nos estudos 
2 e 3, mais de 90% dos alunos afirmaram preferir que a atividade seja realizada em grupo do 
que individualmente. Estudos apontam que alunos que participaram de atividades 
colaborativas em comparação com atividades individuais obtiveram maior desempenho em 
testes de conhecimento (17) e pensamento crítico (15). Além disso, atividades colaborativas 
são bem recebidas pelos alunos (35). Contudo, a implementação de inovações didáticas 
capazes de transformar a realidade da sala de aula, exige comprometimento e dedicação de 
professores e alunos (1). Há evidência que destaca o que corpo docente das diversas 
instituições de ensino precisa estruturar seus cursos de forma a promover ambientes mais 
colaborativos (30). 
  É importante destacar que, mesmo em estratégias ativas, nas quais o aluno deve 
ser ativo e protagonista do seu aprendizado, a função de mediador do professor é 
fundamental. No presente trabalho, em todos os estudos após a discussão e resolução das 
questões entre os membros do grupo, houve discussão com o professor responsável, 
esclarecendo as dúvidas de cada equipe. Esta estratégia de discussão com o professor após 
discussão entre pares é capaz de aumentar o desempenho dos alunos quando comparada a 
apenas com discussão entre pares (33), e é importante para identificar e resolver de forma 




 A recomendação para formação de grupos em estratégias ativos de ensino, como o 
team based learning, é ser realizada de forma aleatória que pode ser, por exemplo, por ordem 
alfabética ou escolhida pelo professor (4). No entanto, o método de escolha do grupo pode 
influenciar aspectos que interferem no andamento das atividades, como o relacionamento 
entre os estudantes. Nós utilizamos duas formas diferentes para organização das equipes: 
definida pelo professor ou escolhida pelos próprios alunos, e verificamos que em ambos os 
casos os estudantes consideraram que o método foi positivo. 
Apenas 7,97% dos alunos participantes do estudo consideraram que o método 
empregado não auxiliou no aprendizado, o que foi justificado principalmente por problemas 
com o grupo durante a atividade relatados por participantes do grupo 1, no qual a professora 
definiu os componentes do grupo. Durante o trabalho em grupo alguns alunos não participam 
ou não se preparam adequadamente para a atividade, por isso alunos engajados podem acabar 
não gostando da atividade. 
 A percepção positiva de alunos com relação a metodologia de refazer a prova em 
grupo, de forma colaborativa, após ter realizado a prova individualmente é importante, já que 
a percepção positiva dos alunos está diretamente relacionada com a melhora do desempenho e 
sucesso acadêmico, verificado por análise de notas em estudo prévio (19). Além disso, os 
alunos realizam abordagens mais aprofundadas dos conteúdos quando possuem percepção 
positiva do aprendizado e abordagens mais superficiais quando avaliam de forma negativa 
(19). A avaliação positiva dos estudantes também é importante porque para que os benefícios 
das metodologias ativas sejam atingidos em sua totalidade, é essencial que os participantes 
assimilem e compreendam a atividade, acreditando em seu poder pedagógico (3).  
Em suma, os participantes deste estudo acreditam que refazer prova em grupo 
após a realização individual prévia, pode melhorar o aprendizado, principalmente por permitir 
o compartilhamento de conhecimento entre os integrantes do grupo, ajudar na identificação e 
esclarecimento de dúvidas, na fixação de conteúdo e na interação entre estudantes/professor, 
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Os resultados dos três artigos apresentados nesta tese evidenciam os impactos 
positivos da utilização de jogos educacionais e provas em grupo, como estratégias de ensino 
ativo no aprendizado de fisiologia. Estudantes de cursos de Odontologia, Enfermagem, 
Fisioterapia e Medicina avaliaram que estas estratégias ajudaram no seu aprendizado sobre 
fisiologia. Além disso, o desempenho de estudantes participantes dos artigos 1 e 2 foi maior 
quando foram utilizados jogos educacionais em comparação a apenas aula teórica e estudo 
dirigido, respectivamente.  
 Vale ressaltar que nos três estudos não foram utilizados apenas métodos ativos 
isolados para abordar os conteúdos, mas sim estratégias de ensino ativo combinadas com 
aulas teóricas, e todos obtiveram resultados positivos. Resultados semelhantes foram 
encontrados em um estudo com alunos de um curso de graduação em farmácia que também 
mesclou aulas teóricas tradicionais com estratégias de ensino ativo como tarefas em grupo em 
sala de aula e atividades fora de sala, obtendo melhora do desempenho acadêmico e percepção 
discente favorável ao uso de estratégias de ensino ativo para aumento do aprendizado (Islam 
et al. 2017). 
 Embora não tenha sido realizada aleatorização nos estudos, houve preocupação 
em verificar se os grupos tinham o mesmo nível de preparação.  É importante destacar que 
existem dificuldades inerentes à pesquisa em sala de aula, como dificuldades para selecionar 
amostras aleatórias em ambientes educacionais e para estabelecer critérios sobre desempenho 
acadêmico (Hopkins 2014), como ocorreu no presente trabalho, com necessidade de usar 
delineamentos permitidos pelos cronogramas e currículos.  A avaliação das estratégias 
envolveu percepção discente e desempenho em testes.  Estas abordagens são validas devido 
ao fato de que a percepção discente está diretamente relacionada com o engajamento do aluno 
com o conteúdo, influenciando em seu desempenho acadêmico (Lizzio et al. 2002), e o 
desempenho em testes demonstra o conhecimento teórico sobre o assunto, principalmente por 
serem testes utilizados como avaliação formativa, sem intenção de obter notas para o 
semestre, mas sim de obter feedback sobre o desempenho dos alunos e eficácia dos métodos 
utilizados pelo professor. Em estudos futuros pretendemos retirar o foco da nota em testes e 




 Os resultados do presente estudo estão de acordo com outras evidências sobre a 
relevância do uso de estratégias ativas no ensino de fisiologia. O uso de jogos educacionais 
gera ambiente mais descontraído para o esclarecimento de dúvidas, instiga a curiosidade e 
permite compartilhamento de conhecimento entre colegas de sala, enriquecendo o ambiente 
de aprendizado (Bochennek et al. 2007; Marcondes et al. 2015; Cardozo et al. 2016; Machado 
et al. 2018), assim como a realização de prova em grupo, conforme observado no presente 
estudo. 
 Os dois métodos envolvem aprendizagem colaborativa com compartilhamento de 
conhecimentos durante uma atividade coordenada com envolvimento mutuo dos participantes 
em busca de um objetivo comum (Roschelle and Teasley 1995). Ambos envolvem feedback 
imediato que reforça o aprendizado e  estabelece diretrizes para a tomada de decisões e 
definição de prioridades (Mitre et al. 2008). A diferença entre as estratégias utilizadas está na 
preparação dos alunos para a atividade. Na atividade com os jogos, os alunos foram 
orientados a estudarem individualmente antes da atividade, mas nem sempre esta orientação é 
seguida e este fato pode gerar descontentamento entre os componentes do grupo que se 
prepararam para a atividade. Já na atividade da prova em grupo, a maioria dos alunos está 
mais preparada por terem estudado para a prova individual antes da atividade em grupo. Nos 
dois artigos que avaliaram a percepção dos alunos, foi observado que dentre os motivos de 
não preferência de atividades colaborativas está o atrito com colegas do grupo.  
 Vale destacar também a importância da formação pedagógica do professor 
universitário de cursos de graduação da área da saúde, a fim de prepara-lo para a formação de 
futuros profissionais críticos e reflexivos, que saibam atuar na resolução de problemas em 
diferentes contextos. O professor universitário precisa conhecer as estratégias de ensino e, 
principalmente, saber escolher e utilizar as estratégias de forma adequada. É necessário treinar 
e incentivar o professor para uma docência com preocupação na formação que valorize o 










 A utilização de jogos educacionais e provas em grupo como estratégias de ensino 
ativo de fisiologia promoveram percepção positiva de estudantes universitários de cursos da 
saúde com relação ao aprendizado. Além disso, o uso de jogos educacionais foi eficaz no 
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